1 OWN - DI RECTI ONAL SENSI NG OF RADI O SPECTRA BACKGROUND 5The present
invention relates to wirel ess comruni cations, and nore particularly to the
sensi ng olownriel2e®s transm ssions froma user of a specPCaEP2@IOES6E.

The radio spectrumis a limted resource that should be shared between many
different types of equi pment such as cellular, home network, broadcast, and
mlitary communi cation equi pnment. Hi storically, each part of the radio
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"primary" use). Tﬁﬁﬁiﬂ% é}g@i‘ri@%ﬁ@ (}J‘ﬁf%% gg@Mons/ uses being
di sall owed on the allocated carrier frequency except for those applications
included in the license agreenenBA Bgﬁﬂﬂpce, this results in large parts

of the radio i g i e i Ln the
O traoH gn proiee ope s lS SOLRIER, Bnh 0 chddiR; arladhor BHADERY 1
geogr aphhe sdnsapedsvithas eansmisdohs fiwh alugerhife spocttadhecsbarcge out put power

needed for such applications; this |arge output power conpels a |arge reuse
i stance | n olEAlDDSHTIHIA TR TeraR o ORI B bRl CIRYFCBXMS| e of such

geogr ap *Hiff@x'en?t‘ggéssof"@qh{sﬂen{r}n%ﬂ% BAYI&, hémb h&%&ﬁ,%@éﬁcéé’t‘,hﬁh%ﬂi@ary' n FIG 1,

the shaded areas repre t geographic locations in which a given carrier
f r equenopninsuibeiting cgsipheby Ristorcelhs edchusat of(tbe tadjo kpecBrmadsbsan TV). I n the

remgi.ni ng, areas, the.so- 2 I l.ed "white spaces",,th i.ven carrier

fr eqlenchiordeR ettt iRy TeemdttiTudr Sy s, PSS EuPR Moel ng used
by that md§fied in all applicBti@isAREs bndBKAIRRILSY the §Bo@fed RRidrifkgiSRY xPgRt I al
resources, sone countries will, in the future, allow unlicensed services

(so cal |ferthoseephigatians indedsy in the lideasqrigaeendnt, by pragficecthis reshltswhlarge spaces™)
in which_th i C riar user i to.ir m:tting.-: r 25 the
or i rar y 1EaP e R Bt B00 bpl ST il 8 pE e AP R G i BUEHRL 20" e

excl usi dnighfrrefueetys(UHINes08 ok Bere ToNBrosduakts efkepiabalnigmeogagbichiar&s i n pl ace
to ensure that the unlicensed users are not causi nq%eai nterference to the
| i cdRsedurggeysed, mainly dygdo thedpeggiostauf Bovey nepdedaior suahepphisatioandbiy 13ge wor k i n

a geogr goqx'géalﬁ %hw@f ) \%get rel &AL ta QTR oRRY E&gﬁit ﬁ%%%%i%l?&?ﬁ?erﬁ:?&%&f aare

known t nused. er, even nore use e space can be nmade
i f the nomexamipde bEswehgeogrepliealiasams adhpt Scandthetads illustrated at Blgy 1i inwhi ch it
oper at e elic frequencies) in the white space only

n t nsed freqguenc r
so | ongSFa@- hot F?%3@@%@?%3?%@%{%&06?1%&“ Peinguhigh p glyen carrier frequency

is being used by a licensed user (e.g., by Broadcast TV). In the remaining areas, the so-

20 called “white spaces”, the given carrier frequency is allocated to the licensed user but is
not actually being used by that user.

In order to make better use of the licensed spectral resources, some countries will,
in the future, allow unlicensed services (so called “secondary” uses) to take place in areas
(called “white spaces”) in which the licensed (primary) user is not transmitting. However

25  the primary user will always have priority for the use of the spectrum to the exclusion of
others. Therefore, some sort of mechanism needs to be in place to ensure that the
unlicensed users are not causing interference to the licensed user.

One mechanism is to install the unlicensed network in a geographical area where at
least some parts of the licensed spectra are known to be unused.

30 However, even more use of the white space can be made if the non-interference
mechanism adopts a detection strategy in which it operates on the licensed frequency (or
frequencies) in the white space only so long as no licensed user transmissions are detected,
and ceases such operation as soon as licensed user transmissions are detected. In this

context, ceasing operation may mean ceasing all operation, or alternatively may mean



and ceases such operation as soon as |licensed user transm ssions are
detected. In this context, ceasing operation nmay nean ceasi ng al
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I nc lﬁ%bent S erA/si a(l:nealte-ll*;?ative to locating the sensors at the base station, dedicated sensors can
be distributed throughout the white space. However, this increases the complexity and
cost of network implementation within the white space.
An alternative way of achieving a distributed set of sensors throughout the white
space is to have sensing performed by each of the mobile terminals that are located within
25  the white space. Each of these mobile terminals performs a sensing operation, and reports
its findings to a main node (e.g., the mobile terminal’s serving base station), the findings
being either in the form of raw data or as some sort of processed data.
The sensing and measurement quality in a white space system needs to be
sufficiently good in order to guarantee a lack of interference to the incumbent service. To
30  achieve this, the sensing antenna must be able to detect signal energy arriving from any
direction. As described in the Cordeiro et al. publication mentioned above, the white

space system specifications require that the sensing antenna operate with an omni-

directional pattern.



30achi eve this, the sensing antenna nust be able to detect signal energy
arriving fromany direction. As described in the Cordeiro et al.

publ i cat iwo 20ani282med above, the white space system spe®CTiEPalI1O/KRSY equi re
that the sensing antenna operate with an omidirectional pattern. WO
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coupled to a plurality of ennas is operated in a manner conparable to
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recei ving a radi of requency signalfghyﬁigﬁ» ne of the antennas. The

radi of requency signal supplied by the antennas is converted into a

sequence of bARRANEL SheNAlzes PRI HRPERS" BAO MéeSHrRing", when used
in this specification, are taken to specify the presence of stated features, integers, steps or
20  components; but the use of these terms does not preclude the presence or addition of one
or more other features, integers, steps, components or groups thereof.,
In accordance with one aspect of the present invention, the foregoing and other
objects are achieved in methods and apparatuses in which a user equipment comprising a
receiver coupled to a plurality of antennas is operated in a manner comparable to omni-
25  directional antenna functionality. Such operation involves receiving a radiofrequency
signal at each one of the antennas. The radiofrequency signal supplied by each of the
antennas is converted into a sequence of baseband signal samples to thereby produce a
plurality of baseband signal sample sequences, wherein each of the baseband signal
sample sequences is associated with a respective one of the antennas. Each of the
30  baseband signal sample sequences is stored. Then, for each one of a plurality of spatial
directions having a same point of origin, the following is performed:

retrieving from storage each of the baseband signal sample sequences;



plurality of baseband signal sanple sequences, wherein each of the baseband
signal sanple sequences is associated with a respective one of the

ant ennas.wBaeoti/ug22rhe 30baseband si gnal sanpl e sequence®CrEP3tionNests2 Then,
for each one of a plurality of spatial directions having a sane point of
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of ant enA@sgesis f@ th&IREhI direction indicates that the signal from the transmitter has been
detected and combining this determination with determinations derived for other ones of
the plurality of spatial directions to produce a combined result that indicates whether the
transmitter has been detected in any of the spatial directions. The combined result is then
25  reported to a serving base station with which the user equipment is in communication.
In some embodiments in which the result for the spatial direction indicates whether
a signal from a transmitter has been detected, the plurality of spatial directions is
determined based, at least in part, on which spatial directions are associated with a past
detection of the signal from the transmitter.
30 In yet another set of alternative embodiments, the plurality of antennas is a subset
of a total number of user equipment antennas.
In still another set of alternative embodiments, the weights have non-uniform

magnitude values.



of a total nunber of user equi pnment antennas. In still another set of
alternative enbodi nents, the weights have non-uniform magni tude values. 5
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invention will be understood by readiﬂpﬁg the follow ng detail ed description
in conjunction with the drawings in ch: 5FIG 1 illustrates geographical
areas constituting so-called "white spaces” |ocated in Scandi navi a.

FIG 2 is a block diagram of an exenplary systemin which various aspects

of the invention are BRIEPYBHSERIPTION GEAHEIDRAWINGSi n one respect, a
flow chart of steps/processes/functions,. carried out bé 10 an exenplary UE
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The Val’i.Ol.éS features of the invention are described with reference to the
figures,MPRYHRILH1 i ke parts are identified with the same reference
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described in greater detail in connection wth a nunber of exenplary
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" ci r cui tthy varinikiagpcadfttied inpedtfonr m one or nore descri bed actions is used
herein to refer to any such enbodi nent (i.e., one or nore specialized
circuits and/or one or nore progranmed processors). Mreover, the invention

can j@ddi tional l'y be consi derggthor.R lﬁﬁg@ﬁlﬁ‘i‘léﬁt irely within any form of
conput er readable carrier, sucﬁ as solid-state
The various features of the invention are described with reference to the figures, in
which like parts are identified with the same reference characters.
The various aspects of the invention will now be described in greater detail in
connection with a number of exemplary embodiments. To facilitate an understanding of
20  the invention, many aspects of the invention are described in terms of sequences of actions
to be performed by elements of a computer system or other hardware capable of executing
programmed instructions. It will be recognized that in each of the embodiments, the
various actions could be performed by specialized circuits (e.g., analog and/or discrete
logic gates interconnected to perform a specialized function), by one or more processors
25  programmed with a suitable set of instructions, or by a combination of both. The term
“circuitry configured to” perform one or more described actions is used herein to refer to
any such embodiment (i.c., one or more specialized circuits and/or one or more
programmed processors). Moreover, the invention can additionally be considered to be
embodied entirely within any form of computer readable carrier, such as solid-state
30  memory, magnetic disk, or optical disk containing an appropriate set of computer
instructions that would cause a processor to carry out the techniques described herein.
Thus, the various aspects of the invention may be embodied in many different forms, and

all such forms are contemplated to be within the scope of the invention. For each of the



30 nenory, magnetic disk, or optical disk containing an appropriate set of
conputer instructions that woul d cause a processor to carry out the

t echni quesodesicrszed herein. Thus, the various aspects @CTiHPeOllOFRA2I On nay
be enmbodied in many different forns, and all such forns are contenplated to
be within the scope of the invention. %or each of the WO
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205 exenpt bfingdiractionmal ant¢ndd €urictibnalay heprovided by embodiments consistent with
25  the invention. In this example, the UEs use this capability for the purpose of white space
sensing. A licensed user (LU) 201 is depicted operating within a geographic area that
includes a white space 203. Transmissions of the licensed user 201 are intended to be
received by, for example, one or more licensed receivers, only one of which (the licensed
receiver 205) is depicted. A mobile communication system is configured in accordance
30  with various aspects of the invention to permit it to operate as an unlicensed user within
the white space 203. The mobile communication system includes a serving base station

207 that serves one or more UEs, including the UEs 209, 211, 213, and 215. In the

context of the invention, the base station 205 exemplifies a “main node.” In other



WO 2011/ 128227PCT/ EP2011/ 055252 7 enbodi ments different equi pnent
constitutes the "main node." For exanple, in W.AN systens, a router can
oper at e awoOaonmi2ge2node in the context of the inventi on. PCo/HPa@illosi2at e
readability of this document, the well-known term "base station" is used
herein as a generic termthat covers r70t only base stations in the
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10 this exerrp ary exarrpf nhe omi -di r ect |ona recei ver antenna capability
makes i tradud\aacﬁsagedmén olb forgm dfhalidEsceRO@chiidldgies? dBwhmhdelRdlsr as white space

sensors will u d‘%éé&\g()d t at many wrel ess comuni cati ons
term nal@%%%@f@qmlpgﬁflbﬁgi feologyy gre but twy ¢xaglesr i cal Iy referred to
herein as " UBSich of BATBOIES, © 1 MUl 18 ﬂl&z@?nélﬁél&rt!’h%ﬁnlty%o'nﬁ“@ur‘é&%fad' ng

imunity and to apply spatio-tenporal interference suppressi on and M MO
t echnol (ﬁgp@ﬁanoa widcéptinentibepmdiplobégscrivgd ltfeelﬁmhg@ommr(ﬁ@cnmlor more RX

ant ennas, i ni n thel r ect r first apphkyi a set
ot espatetee BRALE RS bl RAR G R SRR i rereb R BB o £ e
respect iR e&b@ﬁﬁkﬁeﬂaﬁn@l@m@@ﬁlﬁddlf&nsnal réd‘en@ﬂ hiRBRR @@mvﬁty@hﬁﬁe@ fit
significantly within the equ -- those of ordinary skill in the art
will rea?dllVFIVaWW%‘éﬁﬁ/th%U%g@gle1f2}c3h|a%d2155 pshwhigasnaye sahgersi n general 20 the
use of differ f e si gnal
and interfer elﬁg]téﬂ g%%dret&g?&ha??lg% %ﬁ% 1%Qsdd@c %ﬁ@%{{&@%ﬁqﬁ% &gﬁ%%{g%al in i's
not availkgbpe PCTdraedsrrHﬂct - @hgeiarieal Byrefeerad wo héreﬁlxdil WBs” dinc@pbiacn@biitipie (|

reception _of signals primarily arriving froma particular direction), vvlth
the par t%@n@fm?&. tp @@Pmﬁ Tading frmpeinhen 4o RORY SPY#P-HMPORd IHRATENShI f t s t hat

ar e jappl p@ e
ZSC(}%posS:u?gre?is-r%}{e%nr@M I agﬂre gt%ﬂ)lgd &, @?F&@gééi %&W&ge?%g%ufgﬁ%gﬁ?ﬂﬁgggﬁe ot her
di r ect i an(e)ry RXTecimboyadosdinieg thdisrespecane ﬁgmaé&:aﬁtaré"lrarappkymg gst of i | n t he
spatial directi respect, .a

n
chart of C¥¥E %%SP %Eﬁ%stf?ﬁﬁ%fttm@ﬂu%e&m a@ ﬁ?ﬁ@pwdéﬂ heds CEY?/M@@IS
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and further to use this capability to enmul ate an omi -directional antenna.
In 30an0?trﬁmaryr&kt$1bmcthe aEmal r@addarknbw hownteiadsssed this isgbp cese), thiueingenialis

ele nt s, itry 300 ured.to.carry out the various functions
descPi b ege P%e (}_fr ergntarﬁ%gql‘&u ngqcppﬁadyﬂrgg?rt%ce, Since the signal an ne

interference power 1nforrnat10n traditionally used for such scaling, is not available. The
multi-antenna system will exhibit directionality (i.e., reception of signals primarily
arriving from a particular direction), with the particular direction itself being a function of
the phase shifts that are applied. This directionality appears in the form of a lobe in the
25  composite antenna diagram (as well as a null or attenuation in some other direction(s)).
The lobe also results in an effective antenna gain in the spatial direction of the lobe.
FIG. 3 is, in one respect, a flow chart of steps/processes/functions, carried out by
an exemplary UE consistent with the invention to instill in the UE a beamforming
capability and further to use this capability to emulate an omni-directional antenna. In
30  another respect, FIG. 3 can be considered to depict the various elements of circuitry 300
configured to carry out the various functions described in FIG. 3 and its supporting text.
In the exemplary embodiment, a local variable, #, is used to indicate one of a

plurality of sensing directions. The choice of the number of candidate beam directions is



In the exenplary enbodinent, a |local variable, n, is used to indicate one
of a plurality of sensing directions. The choice of the nunber of candi date
beam di r es0i20ng12827 WO 2011/ 128227PCT/ EP2011/ 055252 8 PCT/EP2011/055252
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(one for ea process &d) CorT ng to
di rect i abcetvedaata samp Irncﬁﬂbntt/m&{bv& betimt ohetﬂlssmm h)erfsmamea eqivilemo bhﬁl-
respecti ve antennas, and. the wej ht ed (and therefore at |east _non-uniformy

phase- sHiifecaenal perfoimeacy isgshieried: mléb%ﬁmpraﬁﬁféﬁﬂgétf&r 8tofgsn uEk#adi ned to
achijgve 1. §ftaPhe Eted Floé'bg%ﬁ%td RbePof RER Q) esﬁcglnﬁthltgng Rple§GET Ver

antenna having a recelver Irection #n (ste e magni t udes
of the (mnlp)lsterag\amc@dutea wadomjat dressable memdrgr RAM ), npteah nfeansnaneéblattrarec t 0 one
anot her. eci ated that one or nore phase shift values in

I% . 25a pr
the set W%g&ﬂ% % "zero" (i.e., resulting in no actual phase
shifting aft E@oﬂtﬂﬁﬁm‘@%ﬁh{he'ﬁoc‘ém g‘?éﬂéd induG. 3 §e|?%f SaRpIeX tveRhtd dhS for

di scl osure, the resultant weighted value is still considered to be anpng
t he set e@f:h anfeirghwleapt stgnal'ip hg@g.pg(pnesgeé)jmrmpmng to direction #n are applied to

20  the stored sample sequences from the respective antennas, and the weighted (and therefore
at least non-uniformly phase-shifted) samples from the different antennas are then
combined to achieve a set of samples representing a received signal from a receiver
antenna having a receiver lobe in direction ##n (step 305). The magnitudes of the complex
weights can either be uniform or nonuniform relative to one another. It will be

25  appreciated that one or more phase shift values in the set of weights may be "zero" (i.c.,
resulting in no actual phase shifting after the weight is applied), but in the context of this
disclosure, the resultant weighted value is still considered to be among the set of
"weighted" or "phase-shifted" values.

The combined signals are then processed as needed for the application to obtain

30 results for direction #n. In this non-limiting example, this means processing the combined
signals in accordance with any of a number of known white space detection algorithms to
produce a result indicative of whether an incumbent user’s signal has been found coming

from direction #n (step 307). This result is tested to determine whether an incumbent user



The conbi ned signals are then processed as needed for the application to
obtain 30 results for direction #n. In this non-limting exanple, this
means proveeiwigsi2ie conbi ned signals in accordance w t irCamp2afi/oss28unber of
known white space detectlon algorlthns to produce a result indicative of
whet her an i ncunbent user's signal has been found comng fromdirection #n
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omi -directional antenna capability can put. Mre generally, decision 25
bl ock/ st eps FRGurnBito damdloabECd&ddéuftthﬂr@a@nnm@npum tekatepled oofththrow an

enmbodi ment |t for sa Lrecti 0 rm a
Fur cher Reet SandiE by et tire M TR o i Bhef 3B HER LT ons
can instigad vbﬂaﬁlakmnbﬂmc‘e@r(@tapgm)%ﬁcfpmfe@stsm@ r@i Y8 MadlPRl st 050 Which
i ntended to acconplish. Detailed descriptions of all such actions are
beyond ﬂﬁ@“@é%@%ﬁ%wﬂhq¢@bpwvent|on 30The phase shifts referred to above are
applied by, uences
by a conpl ex /gi poﬁtzﬂqglhgi})mé%kx}hhg gdc@%eﬁslﬂ%)ﬁWhﬁéopﬁﬁﬁpﬁd&bﬁ% iEatR

to which the omni-directional antenna capability can be put. More generally, decision

25  block/steps 309, 311, and 315 constitute an exemplary example of how an embodiment
can use the result for the spatial direction ## to control a further action performed by the
user equipment (step 319). Other actions can instead be taken in accordance with what a
given application is intended to accomplish. Detailed descriptions of all such actions are
beyond the scope of the invention.

30 The phase shifts referred to above are applied by, for example, multiplying the

complex baseband sample sequences by a complex exponential of the form:



] 2.7r1 = e Nn =0...N1. where ¢, is the conplex phase shift between

adj acent antennas to achieve a reception |lobe in direction #n, and where

Ni s the twoabiwvmsirzer of directions to be tested. |In pra®Cir@r015/08§261 er ent
enbodi ments nmay have different nunbers of plural antennas avail able. \Wen
nore than two antennas are avail able, 19t can be advant ageous to use the two
best antennas at a tine, since the beamformng is "blind", which nakes it
very hard to guarantee coqstLqﬁ ‘veyaqeumuliati on of rnore than two received
si gnal s havi ng random and Unknown phases. In sonme enbodi ments having nore
than two antennas available within the 10 equi prent, several antenna pairs

may be appiré gdiskR &ﬁﬁﬁl&f ?ﬂa%@ylﬂﬁadet\%/ée&ltaﬁfakerﬁ%ﬁfb@hwo%l%ee%‘é e dpt%ﬁh bbat the
respective "JZ-axis" nulls are covered The illustrated conpl ex

exponentin dircetion fmiptbwheivelgivithatned nimbere dlmﬁtl@itﬂ'faém t@ﬂ@@ﬁed@mracase ment i oned
earller 05|beto pra ceat rnat i ment ich the
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sel ect i ugbry tAheiphasinahNge dearhmhaa&l cah bY all Vet 200 tolugé tl&ﬁﬁloftfegmnﬁbnhﬁﬁr ent
ant ennas. As nentioned above, the choi ce of the nunmber of candi date
beam di réétingnsinee therhsparferniagiio rhimed pertiehmakeg vaydisl @ 2upr@ica total of 8

candi datc%np[ﬂﬂcg}rg?%c%ﬁ}dlﬁﬁ% o‘%"r+ re %n‘i&z%%ce%ﬁ ﬁtérﬂa()%glrh‘rﬁ&eo 151{%‘?1 ke of

simplicity ere are on two ant ennas vo ve |ne sanples

for pr ogasdsndn ebmeemb@xhniémsllmvmgtrmreﬂchnas/o aﬂ&nﬁ&)dvﬂlblalﬁkwhﬁd(t@aSk wher e sk
ai k:th conbl ned % E %ﬁner ated in step 305 discussed above)

and ) Y PRt rséYﬁr nnf‘ alry may paaeplie tt‘i’upgf?fﬁ}%eé’e B%Uﬁ]e%cﬁ’é‘&lflgve ant ennas

0 and 1 28 s SOMEh& theFpLdive "SIt IROLR cRbiedal | candidate directions are
tested at every sensing occasion; instead, only those with previously

noti ceabl e sifralludtewel @ngrex cipeokeid] hasusbme mdgnithésdontli ertomtasy e

enbodi occasi onal  full earch rried oyt .to detect. new
possi bl d i sbeh sre Breglien T R IroRR CRIE FHS RGP BgET R a ERnas ar e
far fr Orfhé)ﬁﬁgmﬂldegfﬁlte' Ralnifot MehDE AU AR BPOPREBKts MersbPhdsctRvel _
cl ose-to-uni form coverage of the Spatial region of interest. For a size-
15 empha5121ng/deempha51zmg the contributions from different antennas.
As mentioned above, the choice of the number of candidate beam directions is
implementation-dependent. For example, when a total of 8 candidate beam directions will

be used, and assuming just for the sake of simplicity that there are only two antennas

involved, the combined samples for processing direction ## is obtained as:

20
s, =50 +c s
where sy is a k:th combined sample (e.g., as generated in step 305 discussed above) and
52 and s represent the recorded k:th samples from respective antennas 0 and 1
25 In some alternative embodiments, not all candidate directions are tested at every

sensing occasion; instead, only those with previously noticeable signal levels are checked.
In some of these alternative embodiments, occasional full searches may be carried out to
detect new possible directions of signal arrival.
While the individual RX antennas are far from omni-directional, the scanning
30  operation yields a close-to-uniform coverage of the spatial region of interest. For a size-
constrained handset, it is difficult to link the physical lobe directions to particular

combining weights (e.g., to be able to identify the physical angle of arrival of the



constrai ned handset, it is difficult to Iink the physical |obe directions
to particular conbining weights (e.g., to be able to identify the physical
angl e of woriua2s2ff the WD 2011/128227PCT/ EP2011/ 055252CTI/EP2MaOs$28Nt
signal), but this is not necessary for_ the invention to work. As |ong as
t he apparatus scans through all the rébr esentative directions, coverage
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range than a single perfect omni-directional antenna, still has nulls
i n the znteninss.dif neehnosubsdts Mithhiestinedy diffedens ehgimentbaamvsitdinieryg, ins achi eved

entirely in baseban rocessing, and. is rformed for all desired
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M ssi Ng @bt M bl @RecdlchSatd Py Wili.d the s N@ntife a0t ahis as is the

case with, for exanple, the classical nechanical rotating radar scanner.
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15 conmuni cation ar ot affected by .the invention. For in-band

measur erfefte® ‘?%H@ﬁlﬁ@ r ?]tsruéﬁ]feizéa’? dl&%??%s?) Qut - of - band neasurenents may be

per fior med i ndeRavgErid sknfhg béen fRhMBEKs adidved bitidely hhatcbadProckdsfag, 4 1s a

bl ock di a%r‘am of an exe Iara/d‘UEt400 adapted with circuitry configured to
e

carry outdyapsréuscddeiedt deste iopy Epm; tag sanmpreceided dafke Thes ticerdre 9o onl y
t hose ¢ n L: It r.r v t e J LQn. pi ct ed.
20Those 1BFoSTa RuuREr R fofaShe HELAANGRICI R INEREL 300 R0 O
400 al sowith dbug@mpid, liey cladsiceint¢hanicabiotalidpiradaeddanhbat is wel | -known in the
art and therefore need not be described herein. In this exanple, the UE 504

enpl oys M MO ESrEmHIECHRMbFPSERRRGNE §Hia tarhbc sediedeingrseertyptmoblis st and
secqrd %@M&t@%ﬁn&%@feé‘t@&&lﬁt ARvERidh! @B?gl-@ﬂlﬁldl@a@ureﬁﬁﬁt?zﬁe LBN&ERK! on can

easily be adapted to operate th nmore than two antennas. The receiver can
expl oi t ttdfec spmtddal Owdiatihasd orsswémetie nsiy drpkrfatmddiedepeodintrofitiee achi eve

et e S ek P LA b et GO SHE T B
401-1, 40y gir&ﬁﬁshé&ﬂﬁu'k&ﬁo LBRALA ®lrdoub A58 @?ﬁ{ei iMEerltioh S FoAhd saiecsand
radi of requency (RF) front end circuitry 403-1,
clarity, only those components having particular relevance to the invention are depicted.
20  Those of ordinary skill in the art will readily understand that the UE 400 also includes
other circuitry (not depicted) that is well-known in the art and therefore need not be
described herein.
In this example, the UE 504 employs MIMO communication technology, and is
equipped with first and second antennas 401-1 and 401-2. As mentioned earlier, the
25  invention can easily be adapted to operate with more than two antennas. The receiver can
exploit the spatial dimensions of the signal at the receiver to achieve higher spectral
efficiency and higher data rates without increasing bandwidth.
The signals picked up by the first and second antennas 401-1, 401-2 are supplied
separately to respective first and second radiofrequency (RF) front end circuitry 403-1,
30 403-2 that are configured in accordance with any of a number of well-known
arrangements to perform radio reception up to but not including the point at which the

received signal is converted to a baseband signal. The signal samples generated by the

respective first and second RF front end circuitry 403-1, 403-2 are converted to base band



30 403-2 that are configured in accordance with any of a nunber of
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t he poi ntwet201i2g127t he recei ved signal is converted to a&ChaPedasnss2st gnal .
The signal sanples generated by the respective first and second RF front
end circuitry 403-1, 403-2 are converf2d to base band WO

2011/ 128227 / 1 ' > I ration. r the
UE' s conS% r#g ﬂé?ﬁlg(])o %T(’}g%?légﬁ'oﬁorﬁ 181% S, SS%A%%F%?%%%P%%%E& otﬁﬁgrga%de:gﬁ' s used

t o produzaddctiangbande Sigodto, prafiscadsséiand elghalpivhbeagdfomMout-ef-baaoehigensi ng,
an out-of -band decimatign rate is. used. Accordingly, the first RF front end
Ci r cui t rPACRSNINg, ARAUL-8& bpndsdasimafian raiede Bside Aorddaghedhs st REJiand cpd o
first ins eci ] i - - : nd deci mati on
ni £ 407 R R S B b Pt A s uppl o5 (1
si gnal sikequenoe undg 408slpecitto udirstrpitb§ badd decgeaamndmitiifandSidekilyetheon uni t
405-2 and to ecor:lfcii out.-of-lgagd deci mat.ion unit 407-2. . . Thﬁ

- espect 1GEBUTRIPEL§ SHCHIR 40PrSIUPRAES LHt@d STRCBCGTA TP et PBHS Bht t s

405- 1, 4Q8sml iAlans HPRIaBSh bt IESPRAY /L sdcBRUbS-HhadalidcirRATR Qh®adTON
circuitry 409 which, for the 10 purpose of receiving normal data associ ated

wi th t he nobiThs respentivd @rpute frogytbe Emyt apd oeresd esbartdeddsasativandits #9dl s i n

accordan ith a f a nunber of wn circuits, .the detail.s ichis

beyond tiIg- Lrs i elpRBR HSt AR B ofrsite i CRE b Tor PECE T oned
ant gipna fudhisst o RRkiving doMhiaCdutd 8ssadiad WWith B8 alobflbBhhRAiReyPadterhat a mobil e
conmuni cati on s%stem woul d normal ly require 15 of a UE for operation within

t he nobinreces basalpandsignglstie gycorddnec with@ay obe npegoeeitkeg@wngigpit.yha his to
i n-band %‘ta@l@%ﬁhﬁdhi@be Mt é‘cobP‘Sf%%Fﬁ?v ffigguency band that the UE and its
serving Dase station are using ror w rel'ess communi cation with one anot her)
or out-of- bawithsegpoealts t{d UBs omardisdécngna uhinde funbgorialiegetiiclyistand t hat t he
UE and its serving base station are using for wirel ess conmunjcation with
one anotéitionakigngipaicyondvhetd BAdcPRRRRisH i HwsEm Werld ngral s a

ganged it 2 -4 I S Rr-QMd : I from
eac %%of sdtlpiﬁe[9 fﬁ@%ﬁ@%&%ﬁéﬂh&ﬁﬂgﬁ M{gggl ?cna%tB ?g%gtﬁﬁﬂt Hs/ee[Z%%%PQZ%@?%édand from
t he out -tofapplaribiis de o bautlisamalsrii.¢. swibin-the sayfr@quendy bdnarthetabd Ukrtndntsa

S e e ey
401- 2. (Jafd sRBaSXENMeAiNg 6MRRIE A quchfEbAR (BANBEOESMI G ReRIIARgement 411
conprises a plurality of swtches t%at are commonly controll ed so that they

al | nakestatios asamengfor varelese cemmuorraten with oge veethen).nbo caghde sedettiopr ovi des its

output at_a r ective one of a plural.i of out orts, cont.rol unit
8 onisPen RS T S p it Biishiu@eRibPih BRFTad Gat R o Thae
when t heh&buthO@ fiosn PhfoPiig MGt LAl RcsRriaHah® dedimation Gied 40301, W0E LD dnds
participation in the nmobile 30 comuni cati on systemthe switches connect to
t he fi r dtomithe bedhand deoyapidongerisi®ilod07-2 and, for each antenna separately,

enables selection between in-band and out-of-band baseband signals associated with the
respective first and second antennas 401-1, 401-2. (In the exemplary embodiment, the

25  ganged switch arrangement 411 comprises a plurality of switches that are commonly
controlled so that they all make the same switch selection at any given time, and each
provides its output at a respective one of a plurality of output ports.) A control unit 413
controls, among other things, the ganged switch arrangement 411 so that when the UE 400
is performing data reception in connection with its participation in the mobile

30 communication system the switches connect to the first and second in-band decimation
units 405-1, 405-2 and provide these decimated signals at respective first and second
switch outputs ports 415-1, 415-2. This switch position can also be used when the UE 400

requires in-band omni-directional antenna capability, such as for in-band white-space



units 405-1, 405-2 and provide these deci mated signals at respective first
and second switch outputs ports 415-1, 415-2. This switch position can al so
be used wworrotiesidE 400 requires in-band ommni-directi onRCTARPR@N055252
capability, such as for in-band white-space WO

2011/ 128227PCT/ EP2011/ 055252 13 sensi II%;. However, when the UE 400 needs to
utilize e 0 e band signal s,
G111 Ze i s oG RS ISR OB LR Bl faband ot anel s,
the fir sunamabgdoncutaifibandl sigand, tHe conl unin 4mmb&@e§&8g&nge@%ﬂ@hand provi de
t hese deci mat ed si?nals at the respective first and second switch 5outputs

ports 4asrapgemans 43T to connectjtp the fist il sgpoideRut-0fdang dAegmation wige07tlo
facilit r I r enmbodi nent
. %&%ﬁﬁgg ;ftlgeﬁg gg@mﬁ&d‘gﬁ%ggéﬁg@\ﬁ%%wve fil€ardl sk HIT AR II

shows an i arrangement nmade Trom
di st iSnctqutphyportsad 15siM4tléies. However it will be appreciated that, in

alternative enbodj ments,. th an h arrangenen al so be

concept ual ; elﬁgfl%%ﬁ@r?%@eé gﬁg IB%VE"F EO\Q%“@I”F% g ¢y ﬁﬁ%ﬁtl%%’eo AU .

shar ed) afsﬁéctd 'Ehe 1ﬁﬁgr29é{f- etﬁ’lﬁod?ﬁ@ﬁ Hewt IRtthPemRd:iot bethe REASCASHIRE ( e 9 on a
time-division |si In such enbodi nent's, the ganged sw tch concept

corres pmggment g"rmm dlgtmmeplmsfcfaleﬂvetv&lqu adowe st ittvidl i appmctarcq;i thit h
appropri.at versi raneters., The ond switch
ourput dBele TR Pty AR B REE B EhRy: Palplt bF S RRuaE 208

recandi ng el safmidipht¥icat Loy GRaylifsised €ise. Merd) fr sRembiovosbaidalesimalios

recordi ng C|rCU|try 417 has a correspondi ng nunber of output ports as the

nunber cfdjotker prasgssifbietss on ghdnedivianmsy). hHachampedimsaist diegaagdddes
recor degsuﬁgﬁ%gﬂ&gbgd@égﬁﬁds%"8&1%%1? Eeo&kf%Ie%f’Pé’IIsgdhﬁe Lif %%I ye one of the

ant enna ese Si to CO "Nl ng circui try

419 whi Odppﬁ@pﬂatmnﬁ)hﬁg @nxt Cc&szmrtdi pgarpétase SI’heffﬁISt afxrdrseaﬁﬁﬂ‘wamh@nqm and
conbi nes the Ehase shifted signals as 20 di scussed above. . The_ conbi ning

ci rcui t rBPrHdPdh g § 8rf?Fé1 taelf sigBaly & repRegty e Yt dceoidIpa cirgity 467 Whtd
combizni I r i nal
it oL eecf O TSl MR HESIASA TIRC & cHRERASSPRANMLS) O
exenpl arof ogtrino donteast the aumberted its pigme pees s gathmeaxf Ithmoutlquplottﬂ gtqvaxtes d.

Ther ef or e, combi.ned nal fromthe.conbining cirg 419 suppl i ed
e enaRipro e e B s oa 53 B e Res B S ahS ileies ABP A4S cort o

whet her éﬂ)lpﬁrThé@,H k@haﬁ 'aﬂ:%%bplhéd tBrcﬁﬁl%Ing Jibdu$trAB A Which a %ﬁl‘i‘esﬁﬁe performed in
accordance with any of a nunber of known techni ques, details of which

are bey m@tesmdmgqmesmihlﬁtsh@r cashemtdnon and‘h@nlplesamh@ $>h@ﬁ'e shifiedl segmalsysi s are

I d b] di [
o 3 Rotid Pt g BhE SedRy 4N NRDRRT KEER L bfuBibd Bl ouna,

30The cqyit ¢ thelpdrhbifibg dpeitgtHas shblﬂleéarsly@mss@ddn@bmwﬂbamah@aﬁgnmhe recor ded
signals are retrieved multiple tlnesﬁé e., once for each direction to be

i nvesti g?éh@dt}ng/\ﬁllf%tlﬂil?flﬂ)é?}@ﬁ!esﬁﬁé§éu5§ fhaychei ng applied at each time to

obtain a di fgﬁ@g%ﬁ&{éélﬁgé%&é(m }tgg%alggﬁét{sﬁ% ogIeIa%% iOffsegkect ed

bet ween 0 an can use the recerved (and
Therefore, the combined signal from the cornbining circuitry 419 is supplied to sensing

25  circuitry 421 which analyzes the combined signal to ascertain whether a particular signal
is present. This analysis can be performed in accordance with any of a number of known
techniques, the details of which are beyond the scope of the invention. The results of this
analysis are supplied to reporting circuitry 423, which can report a suitable indication to a
main node regarding, for example, whether an incumbent user was found.

30 The control unit 413 operates the various circuitry so that the recorded signals are
retrieved multiple times (i.c., once for each direction to be investigated) with different
phase shifts being applied at each time to obtain a different direction. By testing desired

directions selected between 0 and 360 degrees, the control unit can cause the received (and



WO 2011/ 128227PCT/ EP2011/ 055252 14 recorded) signal to be

anal yzed/ processed with essentially the sanme results as if that signal had
been recevoedifmrerzra physi cal ommi-directional antenna. PCH/EPoNR/055252

enbodi nents, the control unit 413 causes the receive circuitry to carry out
the steps/processes depicted in FIG 34 5The various aspects of enbodi nents
consi st . M\ j r.ovi de. S FOr: anpl e,
Tt sor vasorth dishitFio R M sRIpBE R G Rl B 5 AROARRE iPliofil

omi - di riedtbeendceiatd &omea pisysithai emniadiedtioddliafteghdTpini sbhr@enitodirhdidd) stig | al
design of a term nal, anpbng other things. Second, the sensitivity

requi r erfSRtObNItHlg %ﬁ@ﬁh@reﬁﬁ% AT tq GAReT @ thagens(Rseccstra slélanﬂbr ni ng
operatlgﬁchOV|des sonme directionality gain. It may 10t herefore be possible
to avoi haV|ng to place the antenna outdoors. The invention has been
desci5i bed wi tTthenefienempects of pabédiogh@acorsisiodiwinths invdotiev proyideta wi | | be

readily appare to tho skilled in the art that i S. sible to enbody
the 1 nvanisho! Hvapagey Eor SRS Y Aot tsgoBlets BB B ararit &

descri begd,ahR\6ennifddlec @3RI EnnaliD BB HRRI athys ﬁﬁgﬁﬁé%@ﬁndukﬂrfdﬁ@lés?éne(% dn FIG
4 is eqU|pped with 15 both in-band and out - and decimators to permt

bot h t ypesniofl, smemd othgr thinghe ngnﬂoﬂlﬁ@@hsnmmvemremmt qﬁghe Isensikrgovtenaie t he
time of ngnuf ﬁ1 ure that a q;ven ce.0 qﬁ pever qg cal |l ed
upon to PEFTBFCSTRISHNCPSAY: Sg%]ﬁuoﬁara 1?‘?11’%00(8: 8%88%}%% Y8t
conploeXithyrefeddbé PesROfovBRI KA eHCE G R¥ 1R drtddhatoufidotshe out - of band
decimation units as well as other circuitry that supports the co-existence

of different e inygéenbps bresideperibsd wWith referelice e paropelapepobgshimatts. such as t he
ganged Slllfé\;/&@r {&Jﬁpgeel%g&lﬁ %Jaaﬁnt 10 thgseTs}i%ﬂfed 1& thal t? s§ m%otg Ieﬂi%g{ij are
| ere

nmerely ustrative an e consi res t|ve rnan

The scopke dfvehtivn innpedific Mms&t@rMthem&emmmmmtdede abateher than t he
preceding description, and all variations and equivalents which fall 25
within the r frﬂjéx'ﬁﬂplﬁh@e@F%Illhléfyafif%quﬁ%l%tﬁd]é‘éﬁtr@%?dl&% Fiaist Begdipprerdhn, 15

CLANE, il RS, ORI 8 A0 ERIARTRLL SO 09 2 oo vor
r adi of r ggufenoyd. sHgwaver ait maa bk kooen af thb hiencarftreamudiscture that a given piece of
equipment will never be called upon to perform out-of-band sampling. In such
embodiments, cost and complexity can therefore be reduced by eliminating the out-of-
band decimation units as well as other circuitry that supports the co-existence of different
20  types of decimation units within one equipment, such as the ganged switch arrangement
411.
Thus, the described embodiments are merely illustrative and should not be
considered restrictive in any way. The scope of the invention is given by the appended

claims, rather than the preceding description, and all variations and equivalents which fall

25  within the range of the claims are intended to be embraced therein.



5converting the radi of requency signal supplied by each of the antennas into
a sequence of baseband signal sanples to thereby produce a plurality of
baseband wognul1282apl e sequences, wherein each of the basehzed 195582l
sanpl e sequences is associated with a respective one of the antennas;
storing each of the baseband signal séﬁple sequences; and 10perform ng the
fol | ow ach one of a plurality of spatial directions having a sane
point of "origih: retrieving fromstorage each of the baseband signal sanple
sequencels; A method of opetaghg b nigereaaipniht Edieplisigd 4 ex¢eidebanphand asi gnal

sanpl e sequences by a respective one of a plurality of conplex weights, and
conbi ni MJuiRHE Aenihned thsdeebethermBdsiggal sanpl e sequences to produce a

conbi ned Sigﬂ@%a§ﬁ§9&&ﬁ§ﬁgﬂﬁﬁﬁgﬁ ﬁﬁﬁﬁéﬁﬁ%hﬁgf%g%/&ﬁhﬁgd beam pointed in the

spatial direction; rocessing t I ned signal sanple
sequénce to aonverén@theaadiefuduentysighiesupplatdlityl cadh pEtkiaoennandto a

using the result. for the spatial direction.to contr.ol further action 20
per f or meIHFCE ﬂﬁbifs déq%ﬂagm es to3heThe PN GRGP RIS of haban BPeh n the
plural i tynpic RBAHA, v&iie?&ﬁ%édh_rb‘ftﬁé@as@%@!sﬁg}haﬁ%ﬁﬁé’séﬂ][h@ﬁ%ﬁ’ i fGodpbt  of
origin. 253.The nethod of claim1l, wherein the result for the spatial

di r ect i omith adispedters onpef therangngisgnal froma transmtter has been detected.
4. The nmet hod of . cl ai

im erein.using the result for the spatial direction
Co control . Soriik kb e BRSO BT b5t @0 cqui prent conpr i ses
repant i ng t heereMin thofolloheng3Re RadH dHe dilalerhligflpatil dREdionghasga st ati on
wi th which the user equipnment is in comunication. WO

2011/ 128227 PRIt PRGN/ 055252

retrieving from storage each of the baseband signal sample sequences;

weighting each of the retrieved baseband signal sample sequences by a
respective one of a plurality of complex weights, and combining the weighted baseband

15  signal sample sequences to produce a combined signal sample sequence representing a

received beam pointed in the spatial direction;

processing the combined signal sample sequence to arrive at a result for the
spatial direction; and

using the result for the spatial direction to control a further action

20  performed by the user equipment.

2. The method of claim 1, wherein the plurality of spatial directions are equally

spaced around the point of origin.

25 3. The method of claim 1, wherein the result for the spatial direction indicates

whether a signal from a transmitter has been detected.

4. The method of claim 3, wherein using the result for the spatial direction to control
a further action performed by the user equipment comprises reporting the result for the
30  spatial direction to a serving base station with which the user equipment is in

communication.



16 5. The nethod of claim3, wherein using the result for the spatial
direction to control a further action perforned by the user equi pnent

conpri seswpepari2gazg the result for the spatial directi oRCI®EPaIIMFZENG base
station with which the user equipnent is in comunication in response to
the result for the spatial direction ﬂﬁdicating that the signal 5fromthe
transm tger : cl ai: er ei ing the
resul t f%r tEgﬁgggﬁ@%gﬁgﬁﬁégswgﬁgp6J@§ﬁgf%gﬂgﬁ€3$ﬁ%%Pﬁg%ef@@l%bP g?ﬁed by

t he usera ReteiumEidh pedoipddi8sthe detk efiipmichgeontigisbercpbhidgriestekiilt foerthd he

spatial direction indicates that the signal 10 fromthe transmtter has
been det¥eiddIsHIPIEREFHIMEDASH SQtigR P HER thehsHh M e nat i ons deri ved
for oth f ot ' iale di ' - conbi ned
resul t cionnyincfion iR ekl R Rl ok e e U o

t he sSpatfrah tldhi tresmitbmdas bewa detected. reporting the conbined result to a
serving base station with which the user 15 equi pnent is in conmunication.
7. The nethod of claim 3, conprising: determning the plurality of
spatial gli r ectQRShERSLainds, WIRASH UkMeRRY fesulforWit GRtSIRALLAIn B doBEbI ONS are
associated wth a past detection of tﬁe signal fromthe transmtter. 20 8.
The met holartbér astian pefornyddryeheusdieqpbmenl ¢onyproes:ant ennas is a subset of a

total nunber user equij nt antennas. .. 9.. The net.hod of claim1, wherein
the-compl ex. vbregrp SOEtRORS crrelepmaeniel s Sa TEAGEE Rhf Sefiap par at us
for joperfadrh g Pandmecr dadboIRRtcctddahd COMBHISEHiAldt@aBIAtRh vagupl ed to a

of antennas, the apparatus conprising: circuitry configured to

pluralit S r _circu

receive %tqr@ma@pn%@réfﬁéyforsqtbmqne&@f Baohirelig obspatisbdisgptienn@rodseiar cui try
conf i gur et 0. 4GR0NEhht ihiiCadt ?@h@tﬁ%ﬁﬂg%ﬁ%ﬁ' %'beﬁﬁﬁ&%étgf'n% @, of the
antennas I Nnto a Ssequence of° baseban S|gnaF sanpl'es 10 hergby produce a

pl ur al i tspatidl dirastedmanshdsi gnal sanpl e sequences, wherein each of the baseband

signal sanpl e sequences i s associated with a respective one of the
ant ennas: reporting the combined result to a serving base station with which the user

15  equipment is in communication.

7. The method of claim 3, comprising:
determining the plurality of spatial directions based, at least in part, on which
spatial directions are associated with a past detection of the signal from the transmitter.
20
8. The method of claim 1, wherein the plurality of antennas is a subset of a total

number of user equipment antennas.

9. The method of claim 1, wherein the complex weights have non-uniform magnitude

25  wvalues.

10.  An apparatus for operating a user equipment that comprises a receiver coupled to a
plurality of antennas, the apparatus comprising:
circuitry configured to receive a radiofrequency signal at each one of the antennas;
30 circuitry configured to convert the radiofrequency signal supplied by each of the
antennas into a sequence of baseband signal samples to thereby produce a plurality of
baseband signal sample sequences, wherein each of the baseband signal sample sequences

is associated with a respective one of the antennas;



WO 2011/ 128227PCT/ EP2011/ 055252 17 circuitry configured to store each of
t he baseband signal sanple sequences; and circuitry configured to perform

t he fol | omDngifas22each one of a plurality of spatial di PETtHEPRII3/0BEFE Ng a
sanme point of origin: retrieving fromstorage each of the baseband signa
sanpl e sequences; 5 weighting each of7the retrieved baseband signal sanple

b ; f | ) i d
sequences Dy c?rc[lﬁérﬁcfé%ﬁ'g%%g Z@%ﬁ% calh BE re%akéb?m&’g ggﬁ@&gfsé S}é@l‘leglpéss ancf‘na

conbi ni ng the we e si gnhal “sanpl e séquenc oduce
conbi ned si gradcuiBngonéigeed vepatorirefde EslRwing draaciesss ofechlbaditg @patig4d i n the
spatial direction; processing the conbi ned signal sanple

sequencélifegtignshaymea sage gl |of ofigin: t he 10spati al direction; and

using the result far. SRR i i action
perfornmed by the JEEELE%U|pngﬁgke%%%6&¥hgB%%g?ﬁ%?%%ﬁg?ﬁ%%g% §(§’mherein
the plurality of spaghtalg dich eftheoetsicardebaschaallsignibappbtestqacaently the poi nt

of origin. 12. The apparatys of clai.m 10, wherei.n the resu for the
spatial GRS 9 Qlad a@@ﬁmwﬁf‘éwﬁg@ﬁgﬁﬁl&|co B}W%ﬁ‘fr%éﬁ?‘{ basrbids been
det ect edg0dem B RBRRLH Hibdale LLAhBhdLsigtISHAPR SUidde %e??eséﬁﬁiglé for the

spatial direction to control a further action perforned t he user

equi prerrccamddrianeamintegor the spptiahdireaton) t for the spatial direction to a

serving base station w.th which.the.user equipnent is in comunication.
3514 The appar ar ud i uha i ety R ity S ARRe e dnit 8 PO Ese

di rgot i Qpafif deeeidn9bn@ further action perforned by the user equipnent
conprises reporting the result for the spatial direction to a serving base
station with whi chstigehesesplt &quihpsnstel disection goeamiral ¢ Sirthehagtionr esponse to
the res ' irection indicating that the signal fromthe
transmit %@Lﬁ%@ﬂ%ﬁﬁ%@@@%@? 30 WD 2011/ 128227PCT/ EP2011/ 055252 18
determ ning whether the result for the spatial direction indicates that the

signal fromthe transmtter has been detected and conbining this
det er ni nldt i onl W4 RGBS flaratl Dowbergwrths Blyrgldy obenstipl dfrstonstare gguallyur al ity

of spat isﬁhcéaia'f&ﬁfditﬁgﬁoihpoﬁrwce a

12.  The apparatus of claim 10, wherein the result for the spatial direction indicates

whether a signal from a transmitter has been detected.

20 13.  The apparatus of claim 12, wherein using the result for the spatial direction to
control a further action performed by the user equipment comprises reporting the result for
the spatial direction to a serving base station with which the user equipment is in

communication.

25 14.  The apparatus of claim 12, wherein using the result for the spatial direction to
control a further action performed by the user equipment comprises reporting the result for
the spatial direction to a serving base station with which the user equipment is in
communication in response to the result for the spatial direction indicating that the signal
from the transmitter has been detected.

30
15.  The apparatus of claim 12, wherein using the result for the spatial direction to

control a further action performed by the user equipment comprises:



conbined result that indicates whether the transmtter has been detected in
any of the 5spatial directions; and reporting the conbined result to
a servi ngvbasa/gsrri on with which the user equi prent i sPCH/EPROMTORI2EAL I oN.
16. The apparatus of claim 12, conprising: 10circuitry configured to
determ ne the plurality of spatial di 18ctions based, at least in part, on

deterni ne the plural diftctions based, at least inpart, on
From t ho. tr arirpFibe WG s BRI A E Lol B RERCREGRLRE bt 1 97

pl ur al i tfyordfhcringmis hasbénsichsald aafl cambotigl thisdarimdeitioafwithtser equi pnment
antennas. 18. The apparatus of claim 10, wherein the conplex weights have
non- uni fASEFMMRAGANS dereyed dpipilier ones of the plurality of spatial directions to produce a

combined result that indicates whether the transmitter has been detected in any of the
5  spatial directions; and
reporting the combined result to a serving base station with which the user

equipment is in communication.

16.  The apparatus of claim 12, comprising:
10 circuitry configured to determine the plurality of spatial directions based, at least in
part, on which spatial directions are associated with a past detection of the signal from the

transmitter.

17.  The apparatus of claim 10, wherein the plurality of antennas is a subset of a total

15  number of user equipment antennas.

18.  The apparatus of claim 10, wherein the complex weights have non-uniform

magnitude values.



